In this work, polyvinyl alcohol (PVA)-coated Fe3O4 (PVA-Fe3O4) and PVA-grafted Fe3O4 using glutaraldehyde (GA) as a crosslinker (PVA-GA-Fe3O4) were prepared. These two materials were prepared by in-situ coprecipitation method due to the simplicity synthesis procedures which accompanied with mild and clean conditions to produce excellent materials. The effects of preparation and synthesis conditions toward the characteristics of PVA-Fe3O4, and PVA-GA-Fe3O4 nanoparticles were investigated in detail. Then, the resulted nanoparticles of PVA-Fe3O4 and PVA-GA-Fe3O4 were characterized by Fourier transform infrared spectroscopy (FTIR), electron spin resonance (ESR) spectroscopy, and X-ray diffraction (XRD). The result showed that PVA with and without crosslinker was successfully coated onto the surface of Fe3O4 nanoparticles. Increasing PVA concentration triggered a decline in the abundance of Fe3O4 phase, its lattice parameter and magnetism. However, once GA as crosslinker was added to the system, the amount of Fe3O4 phase, its lattice parameter and magnetism raised whereas its crystallite size decreased. The influence of each crystallographic parameter on their magnetism was discussed systematically in detail.
INTRODUCTION
Over the past decades, nanomaterials and nanotechnology has been inspiring researchers due to their scientific interests and technological applications. 1, 2 These developments have resulted in considerable progress in various fields of human welfare, e.g. construction materials, biology, health, electronics, automotive and renewable energy, etc. [3] [4] [5] Obviously, biomedical field has been one of the main purposes of the development of nanomaterials due to their potential for improving disease treatment . Drug delivery system is engineered nanomaterial for the targeted delivery or controlled drug release. 6, 7 Magnetic iron oxide (Fe3O4) nanoparticles are commonly used as a drug delivery system because of its biodegradability and biocompatibility to living cells. Developments of Fe3O4 nanoparticles have been continuously studied through various optimization processes to obtain the desired properties for their application. 8 Modification of Fe3O4 nanoparticles by controlling their particle size, crystallite size, and shape is one of the primary objectives in chemistry fields to explore their potential application. 9 Co-precipitation is a bottom-up method widely utilized in the preparation of Fe3O4 nanoparticles due to its advantages of high yield, low-cost production, and high crystallinity of the resulted nanoparticles.
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The preparation of this nanoparticles should meet some necessary requirements such as (i) superparamagnetic action at room temperature; (ii) large saturation magnetization to show a reaction when a magnetic field is applied; (iii) a limiting size in the range of 20 nm for in vivo applications.
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This material in nanoparticles scale is amphoteric and has high absorption at the surface. However, such condition can provoke the Fe3O4 to be easily oxidized which limits its potential applications. [12] [13] Accordingly, surface modification is required to solve this problem. Among the possibility of the surface modifications, coating the Fe3O4 nanoparticles with polyvinyl alcohol (PVA) and the addition of glutaraldehyde as a crosslinker can be considered as a good option. PVA has abilities to control the size of nanoparticle aggregates and can act as a protective colloid for the aqueous emulsion. Furthermore, glutaraldehyde as a crosslinker can be used to link the Fe3O4 surface with PVA polymer (PVA-GA-Fe3O4), which may result in reducing the crystallite size and generate the greater magnetic properties. [14] [15] [16] In this work, magnetic iron oxide Fe3O4 nanoparticles were prepared by co-precipitation method through the reaction of iron (III) chloride hexahydrate (FeCl3.6H2O) with iron (II) chloride tetrahydrate (FeCl2.4H2O) in the alkaline condition. Afterwards, surface modifications were performed through the addition of PVA and PVA-GA to the Fe3O4 nanoparticles at various concentrations. Their effects toward the abundance of Fe3O4 phase, its lattice parameter, and its crystallite size were characterized by X-ray diffraction (XRD), whereas successful coating of the nanoparticles and its magnetism were confirmed by Fourier transform infrared spectroscopy (FTIR) and electron spin resonance (ESR) spectroscopy, respectively.
EXPERIMENTAL Materials
All reagents for the preparation of magnetic iron oxide nanoparticles were of analytical reagent grade and used without further purification. Polyvinyl alcohol (denoted as PVA; Mw = 13,000 -23,000 g mol -1 ; 98% hydrolyzed), FeCl2.4H2O (98% (w/w)), FeCl3.6H2O (97% (w/w)), and glutaraldehyde (denoted as GA; 25% (w/v) in H2O) were purchased from Sigma-Aldrich (Singapore), whereas ammonia solution (NH3.H2O; 25% (w/w) NH3 in H2O) was obtained from Merck Millipore (Jakarta, Indonesia). Distilled water was used throughout to dissolve iron salts and PVA. ) was added dropwise to the mixture of iron solution using the automated syringe pump (Model MSLIS02-M; Guangzhou Medsinglong Medical Equipment Co., Ltd., Guangzhou, China) at a flow rate of 10 mL h -1 . As the reaction proceeds, black precipitates of Fe3O4 nanoparticles occurred in an alkaline solution when pH of 10 was reached. During this process, the mixture was constantly stirred mechanically by a magnetic stirrer. The black precipitates were collected in the beaker glass by employing strong magnetic field and washed with distilled water. This washing was done for several times until the neutral pH of iron nanoparticles suspension was reached. The black precipitates of iron nanoparticles were dried by a freeze dryer to avoid any deformation before characterization. PVA-coated Fe3O4 nanoparticles (PVA-Fe3O4) were prepared in a similar manner as bare Fe3O4 nanoparticles. The difference was the only addition of PVA solution (in water) with various concentrations of 1, 4, and 7 % (w/v), which were denoted as PVA1, PVA4, and PVA7, respectively. The addition of PVA solution (5 mL) was performed dropwise using the syringe pump (flow rate: 10 mL h -1 ) to the suspension of Fe3O4 nanoparticles. From this procedure, PVA1-Fe3O4, PVA4-Fe3O4, and PVA7-Fe3O4 were obtained. PVAcoated Fe3O4 nanoparticles via the crosslinker of glutaraldehyde (PVA-GA-Fe3O4) were synthesized using a similar procedure as PVA-Fe3O4. In this work, the addition of PVA solution was performed at the same time as the addition of 100 µL GA solution to the suspension of Fe3O4 nanoparticles via the syringe pumps. From this procedure, PVA1-GA-Fe3O4, PVA4-GA-Fe3O4, and PVA7-GA-Fe3O4 were obtained. All preparations of bare Fe3O4, PVA-Fe3O4, and PVA-GA-F e3O4 were illustrated in Characterization Synthesized uncoated and coated Fe3O4 nanoparticles were characterized to study the influence of each various parameter to their physical and chemical properties. To confirm the successful coating, the original and modified Fe3O4 nanoparticles (PVA-Fe3O4 and PVA-GA-Fe3O4) were analyzed using FTIR-8601PC (Shimadzu Corporation, Kyoto, Japan). Crystal structure studies of synthesized coated Fe3O4 nanoparticles were assessed by X-ray diffraction method. XRD patterns were obtained from measurement of samples using XRD Philips, type Xpert MPD (30 mA, 40 kV) (from PANalytical B.V., Eindhoven, Netherlands). The XRD measurements were set at room temperature by using Cu-Kα radiation (λ = 1.540598 Å) with diffraction angles in the range of 15
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From the XRD patterns, interpretations and calculations were performed to determine the crystallite size and lattice parameters. 17 Based on those parameters, growth uniformity, which describes unit cell growth with uniform lattice length and formation of a structured crystal, was calculated. The XRD pattern standards of ICSD #26410 and ICSD #172905 were used to identify the presence of Fe3O4 and γ-Fe2O3 compounds in the modified Fe3O4 nanoparticles. Percentages of each crystal phases on various samples were calculated based on the XRD pattern standards using Rietveld methods through Rietica ver. 1.7.7 software. [18] [19] [20] By considering the phase structure selection as magnetic structure representation, electrical resistivity characteristic of Fe3O4 and γ-Fe2O3 compounds should be considered. However, because γ-Fe2O3 has about a 100 times higher resistivity than that of Fe3O4, [21] [22] we only used Fe3O4 as a representative magnetic crystal structure. The presence of PVA phase was evaluated through comparison with previous research. 23 The magnetic properties of Fe3O4 nanoparticles were measured using ESR spectroscopy (from Leybold, Huerth, Germany). The instrument was set at room temperature; with coil radius (r) of 6.8 cm; pluggedin coil (F) with frequency range approximately of 30 -75 MHz; and electric currents of 0.3 A. The magnetic properties of the synthesized Fe3O4 nanoparticles were studied by calculating the g-Landé factor using ESR instrument, whereby lower value of g-Landé factor represents stronger magnetism.
RESULTS AND DISCUSSION

FTIR and XRD Patterns of PVA-coated Fe3O4 Nanoparticles
The mixture of FeCl2.4H2O and FeCl3.6H2O solution was bright yellow. Once NH3 solutions added, the color of the solution changed gradually from brown, dark brown, and eventually black color. The latter color indicates the formation of Fe3O4. Precipitation of Fe 
IR spectra of the synthesized Fe3O4 nanoparticles (Fig.-2) has the distinctive vibration of O-H groups on its surface (3514 -3334 cm -1 ), enabling the possibility of its surface to be coated by the polymer. 25 The presence of magnetic Fe-O bending in 667 -420 cm -1 region showed the existence of magnetite Fe3O4 and maghemite γ-Fe2O3, as shown in Fig.-2 (inset) . This result was in good agreement with the previous report by Monfared and Parchegani. 26 Successful coating of Fe3O4 by PVA was indicated by the presence of hydroxyl (O-H), carbonyl (C-C), and Fe-O-C bonds vibrations (as presented in Fig.-2) , nevertheless there was an existence of ammonia in the region of ~3700 cm -1 , ~2300 cm -1 , and ~1550 cm -1 . IR spectra of the synthesized PVA-Fe3O4 and PVA-GA-Fe3O4 nanoparticles showed -OH (3394 -3386 cm , as similar result was also reported by Ruíz-Baltazar. 27 This information indicated that the hydroxyl groups were successfully replaced by PVA and PVA-GA, so the oxidation of Fe3O4 could be prevented. XRD patterns proved the existence of magnetite (Fe3O4) and maghemite (γ-Fe2O3) phases in all prepared materials while PVA phases could be identified in PVA-Fe3O4 and PVA-GA-Fe3O4 materials as shown in Fig.-3 . The presence of GA was difficult to be identified due to the low concentration and no references of the XRD pattern standard of this substance. From this figure, the abundance of PVA coated on the surface of Fe3O4 increased as PVA concentration raised. The abundance of Fe3O4 phase was influenced by the coated materials. As listed in Table-1, higher concentrations of PVA (see PVA-Fe3O4) resulted in decreasing Fe3O4 phase, lattice parameters, and magnetism, while increasing its crystallite size. However, opposite results were obtained when GA was added (see Fig.-3b, and formation. Consequently, the presence of GA proceeds the coating Fe3O4 by PVA optimally whereas bridged-PVA prevented Fe3O4 oxidation. In addition, the presence of GA triggered more uniform crystal growth and smaller nanoscale size of nanoparticles. Crystallite size, Lattice parameter, and Magnetic Properties of PVA-coated Fe3O4 Nanoparticles Electron spinning resonance as illustrated by the Zeeman's effect curve (Fig.-4) , represented a splitting of spectral lines due to the transfer of electrons by the external magnetic field. Normal magnetic system (Fig.-4a) would undergo electron transfer to be an abnormal magnetic system (Fig.-4b) when it was subjected to external magnetic field. Evaluation of the magnetic interaction between Fe3O4 and external magnetic field (which give Zeeman's effect) was assessed using g-Lande factor where a higher value of
g-Landé factor reflects weaker magnetism. The difference of PVA and PVA-GA concentrations, which were used as coating the Fe3O4 surface, affected magnetic properties of the resulted products. The smaller crystallite size of the synthesized Fe3O4 nanoparticles leads their magnetic properties to become stronger. This phenomenon was in good agreement with the previous results reported by Matveev, et.al. 28 Fig.-5 reported the correlation of g-Landé factor with crystallite size and lattice parameter. The increasing PVA concentration resulted in increased crystallite size and g-Landé factor as also confirmed by a previous study by Hall. 29 Furthermore, the presence of PVA expanded crystal growth template of Fe3O4. This template stimulated the formation of Fe3O4 nanoparticles to be more structured with lower magnetism. The presence of glutaraldehyde as a crosslinker in PVA-coated Fe3O4 nanoparticles generated the condition to be inverted, as given in Fig.-5b . reported that high-field resonances (g-Landé factor ≤ 2.0) correspond to lattice defect. It also occurred in our synthesized Fe3O4 nanoparticles (Fig.-5) . As shown in Fig.-6 , it was found that PVA1 and PVA4 induced lattice defects of Fe3O4 nanoparticles larger than bare Fe3O4. However, the inverse condition was obtained when GA was present. As given in Fig.-6b , PVA4-GA and PVA7-GA induced larger lattice defects than that of bare Fe3O4. A further result of lattice defects analysis was described by illustration of unit cell growth to be crystallite (Fig.-7a) . Their growth uniformities were explained by crystallite size distribution (Fig.-7b and-7c) . It was found that decreasing PVA and increasing PVAlinked with GA provoked smaller and more homogenous crystallite size, indicating well-built lattice defects. For this reason, the concentration of PVA ≤ 4%; and the addition of GA were recommended to generate higher magnetic susceptibility of Fe3O4. Lattice parameters of the unit cell could perform inter-atomic distance (Fig.-8a) . From the compilation of lattice parameters and its defects, dangling bonds of Fe
can possibly be interpreted. Dangling oxygen bonds caused anisotropic magnetization and influenced magnetic properties of Fe3O4 nanoparticles. Anisotropic magnetization supposedly arises ionic-magnetic moments, hence this induces the magnetic nanoparticles to become easily controlled. 30 Fig .-8b and -8c showed that Fe3O4 in PVA1 and PVA7-GA has longer dangling oxygen bonds, representing their stronger anisotropic magnetization. This phenomenon showed that the presence of PVA in small concentration inhibited Fe3O4 systematical formation and induced its lattice defects. The presence of GA prevented lattice defects because PVA had a stronger interaction with GA than with the surface of Fe3O4. Strategically, this GA addition method was deceived by increasing concentration of PVA linked with GA; as the result lattice defects increased significantly. This moment induced stronger anisotropic magnetization which indicates wider anisotropic Zeeman splitting. By compiling information shown in Fig.-8 and Fig.-4b , synthesized Fe3O4 nanoparticles have a pattern of wider moving towards Zeeman splitting of spin -½ and +½, and represented their superior magnetism. 
CONCLUSION
Well-designing coated Fe3O4 nanoparticles by PVA and GA was successfully performed. The modifications affected phase abundance of Fe3O4, crystallite size, lattice defects, and furthermore on dangling oxygen bonds. These all affect on their magnetic properties. Low concentration of PVA in the presence of GA as the crosslinker is highly recommended to generate supreme magnetic properties; henceforward possibly applicable as a part of a drug delivery system.
